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Abstract
Background-The purpose of this study was to derive indices of reperfusion and non-reperfusion after acute myocardial infarction (AMI) from changes in serum concentrations of cardiac troponin T and to test the predictive value of these indices.
Methods-The indices were derived from a retrospective analysis of changes in serum troponin T concentration in 71 patients given thrombolytic treatment who had immediate and late angiography (group 1). These troponin T indices were first tested in a blinded and prospective study of 53 consecutive patients eligible for thrombolytic therapy (group 2). They were then used for the non-invasive assessment of reperfusion of AMI in 48 patients (group 3) . Results-In group 1 troponin T serum concentration curves were biphasic in patients who had reperfusion <5.8 h after the onset of symptoms. Release of the cytosolic troponin T pool resulted in a peak at 14 h and ended at 38 h. The probability of reperfusion was >95% when the ratio ofpeak cytosolic troponin T concentration to concentration at 38 h (PV1I38) exceeded 142 or the ratio of troponin T concentration at 14 h to that at 38 hours (14138) exceeded 109. The probability of the presence of non-reperfused AMI was <5% when troponin T PV1138 and 14/38 ratios were <0.99 and <0-84 respectively.
These discriminatory values of troponin T indices correctly classified ( but their role in patients with confirmed AMI is less clear. Retrospective analyses of the kinetics of cTnT release in patients with reperfused and non-reperfused AMI showed considerable differences on day 1 and 2 after the onset of symptoms.6 These data indicated that cTnT measurements may be useful in the non-invasive prediction of reperfusion of the infarct zone. A retrospective description of the altered kinetics of cTnT in serum is not sufficient to define the predictive power of indices derived from cTnT concentration changes. Therefore, in the present study we derived cTnT indices from cTnT serum concentration curves in a group of patients who had immediate and late angiography after thrombolytic therapy. The accuracy of these indices was then tested blinded and prospectively in a second group of patients who were followed up angiographically. Finally, the indices were used in the non-invasive assessment of reperfusion of the infarct zone in a third group of patients not studied by immediate angiography.
Patients and methods

GROUP 1
We studied 71 patients in group 1 (table 1) . In five additional patients an occlusion of the infarct-related artery was found on late angiography. These patients were excluded from the study. Group performed during the initial angiographic determined in group 1 patients. We studied evaluation, when the flow of contrast material 63 consecutive patients admitted to the coroin the infarct-related artery was TIMI grade nary care units with AMI who complied with 27 1 h after the start of intravenous throm-the inclusion criteria outlined above. These bolytic treatment or when residual diameter patients were participating in an investigation narrowing of the infarct-related artery was on the thrombolytic effectiveness of different >90%. The invasive investigation was usually r-tPA (alteplase) dosages. Ten patients were repeated on day 19 after onset of AMI. The excluded from final analysis because of death success of recanalisation and the intensity of <32 h after onset of pain in 1 patient; uncertain coronary artery opacification by contrast time of onset of pain in five patients; promaterial were assessed from cineangiograms longed resuscitation in two patients, and by two experienced cardiologists who were incomplete blood sampling in two patients. unaware of the serological test results. A sec-Thus data from 53 patients were analysed. In ond catheterisation was performed in five of these 53 patients angiography was attempted the 18 patients in whom recanalisation of the no more than 90 minutes after the start of occluded coronary artery failed. All but two thrombolytic therapy and repeated a mean of patients with early recanalisation developed Q 20 days afterwards. Percutaneous translumiwave infarction.
nal coronary angioplasty was performed only when patients reported angina during AMI or GROUP 2 had signs of ischaemia on exercise testing The second group of patients (table 2) was before hospital discharge. studied prospectively between May 1990 and February 1991 at the University Hospitals of GROUP 3 Heidelberg and Hamburg to test the accuracy The third group of patients (table 3) was studand predictive power of the cTnT indices ied non-invasively by selected cTnT indices to Figure 1A shows the median serum concentrations of cTnT in 50 patients who had recanalisation of the infarct-related artery < 5-8 h after onset of symptoms and in 18 patients with a permanently occluded coronary artery. Subtraction of the median serum concentrations of cTnT in both AMI groups gave the differential cTnT washout in reperfused and non-reperfused AMI (fig iB) . The reperfusion dependent early increase in serum cTnT concentration was detectable until 38 hours after onset of pain and on average reached a peak value at 14 hours. Two criteria Time after onset of symptoms (h) Figure 3 ( were selected as possible indicators of early reperfusion of AMI that were independent of AMI size. These were the ratio of the cTnT value of peak 1 divided by the 38 hours value (PV 1/38) and the ratio of the cTnT value of 14 hours divided by the 38 hours value (14/38).
Ratio of troponin T concentrations (PV1
DEFINITION AND EVALUATION OF TnT ratio DISCRIMINATOR VALUES OF CTNT INDICES
(PV1/38) (FIGS 2 AND 3, GROUP 1 PATIENTS)
The frequency distributions of PV1/38 and 14/38 cTnT ratios in patients with reperfused and non-reperfused AMI are shown as histograms in figs 2A and 3A respectively. The cTnT ratios of three patients with recanalisation at 6-5, 6-8, and 7 h after onset of symptoms and in whom no early serum cTnT peak was observed are indicated by asterisks. The cTnT ratios of these three patients overlap with those found in patients with permanent occlusion of the infarct-related arteries. cTnT ratios clearly distinguished between the remaining 50 patients with successful recanalisation and the patients in the group with per-1/38) manent occlusion.
Figures 2B and 3B show use of logistic regression analysis to define the probability of correct classification by selected cTnT indices of patients with infarct reperfusion < 5 8 h after onset of symptoms and of non-reperation fused AMI. The probability of recanalisation ain at <5-8 h was >95% when cTnT ratios PV1/38 and 14/38 exceeded 1-42 and 109 respectively. The probability of the presence of non-reperfused AMI was >95% when T4a)tio PV1/38 or 14/38 cTnT ratios were <0 99 and <0-84 respectively. Table-4 shows the discriminatory power of the selected cTnT indices in group 1 patients. The cTnT PV1/38 and 14/38 ratios of five (7%) and three (4%) patients were in the 95%-5%-probability range for the presence of reperfused or non-reperfused AMI. Therefore, these patients could not be classified by selected cTnT indices. All remaining patients who had recanalisation < 5-8 h after onset of symptoms and all patients with non-reperfused AMI were correctly classified. When the three patients with recanalisation >5-8 h are included as patients with reperfused AMI the sensitivities and negative predictive values of the selected indices are reduced to 94%/93% and 83%/84% for the PV1/38 and 14/38 cTnT ratios respectively. Time to reperfusion (h) Figure 4 Relaion between values of troponin T ratios (PV1138) and duration of ischaemia before recanahsation in 45 group 2 patients (tnangles). Troponin T ratio remaining eight patients with a permanent occlusion of the infarct-related artery are on the right (squares). The lighdy shaded area indicates the range of troponin Trat cannot be used to classify patients correctly. The darkly shaded area indicates ratios <5% probability of reperfsion. PO, permanent occdusion. Time to reperfusion (h) Figure S Relation between values of troponin T ratios (14138) and duration of isc before recanalisation in 45 group 2 patients (triangles). Troponin T ratios of the rem eight patients with a permanent occlusion of the infarct-related artery are shown on right (squares). The lighty shaded area indicates the range of troponin T ratios tha cannot be used to classify patients correcdy. The darkly shaded area indicates ratios <5% probability of reperfuin PO, permanent occlusion.
EVALUATION OF THE CTNT INDICES IN TI PROSPECTIVE ANALYSIS OF GROUP 2 PATI
Figures 4 and 5 show the PV1/38 and cTnT ratios in relation to the durati ischaemia until successful recanalisation group 2 patients with immediate an angiography. The range of cTnT between the discriminator values of 95' 5% probability of reperfusion is indicate lighdy shaded area, whereas the ran cTnT ratios with <5% probability of reperfusion (or >95% probability of presence of nonreperfused AMI) is indicated by the darker area.
The values of the cTnT ratios increased exponentially with decreasing duration of ischaemia before recanalisation. Therefore, all patients with recanalisation <4 h after onset of symptoms were correctly classified. In one (PV1/38) and two (14/38) of the eight patients with permanent occlusion of the infarct related artery cTnT ratios exceeded the discriminator values. In one of these two patients the times to peak CK and CK-MB°0 activity of 7 (table  5) . cTnT ratios in five (9%) and four (8%) patients were in the 95%-5% probability range for PV1/38 and 14/38 cTnT ratios respectively. These patients could not be classified. All the remaining patients with successful recanalisation were correctly classified (sensitivity 100%). The specificity of the PV1/38 and 14/38 cTnT indices was reduced to 75% and 86% by the two patients discussed in detail above. All patients with cTnT ratios below the 5% probability level of reperfused AMI showed occluded coronary arteries on angiography (negative predictive power = * 100%).
NON-INVASIVE CLASSIFICATION OF GROUP 3 PATIENTS BY CTNT INDICES (FIGS 6 AND 7)
In four (14%) of the 28 patients treated with ;haemia thrombolytic agents cTnT criteria indicated atheg non-reperfused AMI. In one of these four
It
patients with an open coronary artery at 3 with weeks thrombolytic treatment was started 5 h after the onset of pain, whereas in the remaining three patients treatment was started < 3.5 h after the onset of symptoms. In the 20 HE patients not treated with thrombolytic agents, ENTS three (11%) (fig 6) and five (23%) (fig 7) 14/38 patients had cTnT ratios indicating spontaion of neous reperfusion of the AMI zone < 5-8 h in 53 after the onset of symptoms. In this group the d late highest cTnT ratios were found in two ratios patients in whom ventricular fibrillation % and developed before thrombolytic therapy was d by a started. All patients with an occluded coroige of nary artery on late angiography had cTnT 
